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Abstract 

The present investigation was carried out on “Vertical distribution of micronutrients and heavy metals 

under sewage irrigated areas” at three different villages namely, Kalupur, Basantpur and Mathurapur of 

Nathnagar block in Bhagalpur district. For detailed study, total nine pedon were selected for the study of 

micronutrients and heavy metals (As, Cd and Pb) from sewage irrigated soils. Sewage-irrigation has 

received much attention due to enrichment of heavy metals in soils which impacts human health and 

social problems; however, use of sewage water in agricultural has been an age-old practice and can 

contribute to a reduction in stress on the utilizable water resource, which will not only reduce disposal 

problems of sewage water but also contribute towards improvement of soil fertility as it contains 

appreciable amounts of macro and micronutrients. These metals are associated with various soil 

components in different ways and these associations influence both their mobility and distribution in the 

soil profile. The DTPA-extractable soil micronutrients i.e., DTPA-Fe, Mn, Zn and Cu content varied 

from 8.23 to 19.22, 6.74 to 10.77, 0.41 to 2.48 and 0.05 to 1.27 mg kg-1 respectively in Kalupur village. 

Similarly in Basantpur village, DTPA-Fe, Mn, Zn and Cu content varied from 8.23 to 18.79 mg kg-1, 5.43 

to 10.77 mg kg-1, 0.41 to 2.32 mg kg-1 and 0.01 to 0.91 mg kg-1, respectively. Whereas, DTPA-Fe, Mn, 

Zn and Cu content varied from 10.70 to 18.25 mg kg-1, 4.74 to 12.05 mg kg-1, 1.24 to 2.48 mg kg-1 and 

1.06 to 4.32 mg kg-1, respectively in Mathurapur village. In Kalupur village, the value of DTPA-Cd, Pb 

and As in surface soils of sewage irrigated region varied from 0.08 to 0.48 mg kg-1, 0.37 to 6.35 mg kg-1 

and 0.11 to 0.55 mg kg-1 Similarly, in Basantpur village it was observed that the range varied from 0.09 

to 1.41 mg kg-1, 1.50 to 6.83 mg kg-1, and 0.17 to 0.68 mg kg-1 whereas in Mathurapur village the range 

varied from 0.08 to 2.55 mg kg-1, 1.92 to 6.35 mg kg-1 and 0.11 to 0.37 mg kg-1. The range of heavy 

metal (As, Cd and Pb) concentration in Kalupur village varied from 0.10 to 0.46 mg kg-1, 0.03 to 0.47 mg 

kg-1 and 0.37 to 04.32 mg kg-1 whereas, in Basantpur village varied from 0.10 to 0.48 mg kg-1, 0.05 to 

0.96 mg kg-1, 1.04 to 4.65 mg kg-1 and in Mathurapur village varied from 0.107 to 0.551 mg kg-1, 0.05 to 

1.73 mg kg-1and 1.06 to 4.32 mg kg-1. 

 

Keywords: micronutrients, sewage, heavy metals, DTPA- extractable 

  

1. Introduction 

Heavy metals (HM) have toxic and mutagenic possessions even at very few concentrations. 

Zinc, copper, and cadmium are among 10 toxic heavy metals with major concerns (World 

Health Organization, 2017) [37]. HM are toxic because of their solubility in water and the 

toxicity can be acute or chronic reliant on exposure-time (Dorne et al., 2011) [6]. HM viz., Pb, 

Cr, and Cd are the bio-toxic potential land elevated level of heavy metals poses a significant 

risk for human and animal health (Orisakwe et al., 2012) [21]. Elevated level of HM was 

observed in leafy and tuberous vegetables more than grains and fruits when irrigated with 

wastewater (Boamponsem et al., 2012 [4]; Flores-Magdaleno et al., 2011) [8]. The transference 

and existence of heavy metals in soil and sediments are structured by numerous physico-

chemical processes such as periodical deposition of river sediments in the floodplain, natural 

weathering, adsorption/desorption, oxidation/ reduction, organic matter, pH and soil texture, 

etc. (Kumar et al. 2012; Jayaprakash et al., 2012; Zheng et al., 2013) [14, 12, 40]. The transfer of 

accrued heavy metals in soil moves effortlessly to other ecosystems like groundwater and 

crops and disturb human health through water stream and the food chain (Sun et al., 2013) [34]. 

Industrialization is the primarily root of heavy metal pollution in river and streams (Nguyen et 

al., 2016, Staley et al., 2015) [19, 31]. Industries such as - textiles industries, dairies, recycle 

facilities, fertilizer industries, tin and drug industries located besides, the river catchment are 

the primary origin for heavy metal pollution (Patil and Kaushik, 2016) [22].  

Bhagalpur (Silk city) is the second largest city in economy and the third biggest city of Bihar. 

Bhagalpur is known for the production of Tassar Silk and its products. Nathnagar area in 

Bhagalpur district is the focal point of various industries viz., silk industry, battery industry, 

Electroplating and automobiles repairing centers. The growth of the towns has also 
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triggered the progression of the industrial sector and effluents 

from these sectors finally find their way by making sewage 

sludge which carries a heavy load of heavy metals. The 

effluents discharge from these sources and directly dispose in 

Champa nala which eventually mixes up with the holy river 

Ganga, degrade the soil and water quality. It is having 

enormous sources of heavy metals which deteriorate the 

quality of our soils and water. 

 

2. Material and Methods 
Heavy metals contamination (HMC) in soil-ecosystem is 

great concern towards public health and uptake mechanism by 

soil and plants. Soils irrigated by wastewater accumulate 

heavy metals viz., Pb, Cd and As in the surface and sub-

surface soils. The repeated application of wastewater, heavy 

metals leach into the ground water or the soil solution, which 

were accessible for plant uptake. The work correlated to 

heavy metal contamination of sewage-irrigated areas in 

Nathnagar block were examined under various topo-

sequences through deliberation of same physiographic 

situations. The methodology followed for accomplishing the 

objectives of the present study are described in this chapter 

under following subtitles. 

 

Arsenic determination procedure  

In 2.5 g of soil sample, 50 mL 0.5 M NaHCO₃ was added and 

it was kept for shaking (30 minutes). The suspension was 

filtered through Whatman no. 42 filter paper. 5 mL aliquot 

was taken in which 5 mL conc. HCl, 1 mL of KI and 1mL of 

Ascorbic acid was added. The samples were kept for 45 

minutes (reduce) and then final volume was made upto 50 mL 

with double distilled water. The samples were ready for 

reading in AAS. 

 

Available (DTPA extractable) micronutrients (Zn, Mn, Cu 

and Fe) and heavy metals (Pb, Cd and As), (Lindsay and 

Norvell, 1978) [16] 

Available micro-nutrients and heavy metals were extracted 

with the help of mixed solution of 0.005M DTPA,0.01 M 

Calcium Chloride and 0.1 M Triethanolamine (TEA) at pH 

7.3 (Lindsay and Norvell, 1978) [16]. 10 g of soil was taken in 

100 mL conical flask and 20 mL of DTPA solution was added 

to it. It was shaken for 2 hours on a horizontal shaker after 

that it was filtered through Whatman no. 42 filter paper. The 

concentration of micronutrient and heavy metals was 

estimated with the help of Atomic Absorption 

Spectrophotometer (Lindsay and Norvell, 1978) [16]. 

 
Table 1: Methods of micronutrients and heavy metals analysis 

 

SN Properties Method Reference 

A. Soil 

Heavy metal 

1. Pb 

Tri acid 

Digestion 

Jackson, 1973 

2. Cd Jackson, 1973 

3. 
Total Arsenic 

content in soil 
Sparks et al., 1996 

4. Fe, Mn, Zn, Cu 

Jackson, 1973 

DTPA 

extractable 

Lindsay and Norvell (1978) 
[12] 

 

3. Results  

DTPA-extractable micro nutrients of pedon in sewage 

irrigated areas 

A. DTPA-extractable Fe 
In Kalupur village, DTPA – extractable Fe content of pedon 

varied between 8.23 to 19.22 mg kg-1 with a mean value of 

15.31mg kg-1. The maximum value (19.22 mg kg-1) was found 

in P2 at depth of 30-45cm. While, the minimum value (8.23 

mg kg-1) was found at a depth of 60-90 cm in P3. Similarly in 

Basantpur village, DTPA – extractable Fe content of pedon 

varied between 8.23 to 18.79 mg kg-1 with a mean value of 

14.24 mg kg-1. The maximum value (18.79 mg kg-1) was 

found at 0-15 and 15-30 cm, respectively in P5. While, the 

minimum value (8.23 mg kg-1) was found at a depth of 60-90 

cm in P6. Whereas, in Mathurapur village, DTPA – 

extractable Fe content of pedon varied between 10.7 to 18.25 

mg kg-1 with a mean value of 14.61 mg kg-1. The maximum 

value (18.25 mg kg-1) was found at a depth of 15-30 cm in P9. 

While, the minimum value (10.70 mg kg-1) was observed at 

the depth of 0-15 cm in P7. 

 

B. DTPA-extractable Mn 
In Kalupur village, DTPA – extractable Mn content of pedon 

varied between 6.74 to 10.77 mg kg-1 with a mean value of 

9.01 mg kg-1. The maximum value (10.77 mg kg-1) was 

observed at a depth of 45-60 cm in P3. While, the minimum 

value (6.74 mg kg-1) was reported at depth of 0-15 cm in P2. 

Similarly, in Basantpur village, DTPA – extractable Mn 

content of pedon varied between 5.43 to 10.77 mg kg-1 with a 

mean value of 9.45 mg kg-1. The maximum value (10.77 mg 

kg-1) was reported at a depth of 30-45 cm in P6. While, the 

minimum value (5.43 mg kg-1) was reported at depth of 0-

15cm in P4. Whereas, in Mathurapur village, DTPA – 

extractable Fe content of pedon varied between 4.74 to 12.05 

mg kg-1 with a mean value of 9.54 mg kg-1. The maximum 

value (12.05 mg kg-1) was reported at depth of 15-30 cm in 

P7. While, the minimum value (4.74 mg kg-1) was observed at 

the depth of 0-15 cm in P9. 

 

C. DTPA- Zn 

In Kalupur village, DTPA – extractable Zn content of pedon 

varied between 0.41 to 2.48 mg kg-1 with a mean value of 

1.23 mg kg-1. The maximum value (2.48 mg kg-1) was 

reported at a depth of 45-60 cm in P2. While, the minimum 

value (0.41 mg kg-1) was reported at a depth of 60-90 cm in 

P3. Similarly, in Basantpur village, DTPA – extractable Zn 

content of pedon varied between 0.41 to 2.32 mg kg-1 with a 

mean value of 1.31 mg kg-1. The maximum value (2.32 mg 

kg-1) was found at a depth of 45-60 cm in P5.While, the 

minimum value (0.41 mg kg-1) was reported at a depth of 60-

90 cm in P6.Whereas, in Mathurapur village, DTPA – 

extractable Fe content of pedon varied between 1.24 to 2.47 

mg kg-1 with a mean value of 1.95 mg kg-1. The maximum 

value (2.47 mg kg-1) was found at a depth of 45-60 cm in P9. 

While, the minimum value (1.24 mg kg-1) was observed at the 

depth of 30- 45 cm in P7. 

 

D. DTPA-extractable Cu 
In Kalupur village, DTPA – extractable Cu content of pedon 

varied between 0.05 to 1.27 mg kg-1 with a mean value of 0.60 

mg kg-1. The maximum value (1.27 mg kg-1) was observed at 

a depth of 15-30 cm in P1. While, the minimum value (0.05 

mg kg-1) was observed at a depth of 15-30 cm in P2. Similarly, 

in Basantpur village, DTPA – extractable Cu content of pedon 

varied between 0.01 to 0.91 mg kg-1 with a mean value of 

0.53 mg kg-1. The maximum value (0.91 mg kg-1) was found 

at a depth of 0-15 cm in P5. While, the minimum value (0.01 

mg kg-1) was found at a depth of 45-60 cm in P5. Whereas, in 

Mathurapur village, DTPA – extractable Cu content of pedon 

varied between 0.01 to 0.98 mg kg-1 with a mean value of 
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0.47 mg kg-1. The maximum value (0.98 mg kg-1) was found 

at a depth of 60-90 cm in P9. While, the minimum value (0.01 

mg kg-1) was observed in P7 at the depth of 30-45 cm. 

 

DTPA-extractable heavy metals (Cd and Pb) and 

available As of pedon in sewage irrigated areas 

A. DTPA-Cadmium 
In Kalupur village, DTPA – extractable Cd content of pedon 

varied between 0.03 to 0.47 mg kg-1 with a mean value of 

0.15 mg kg-1. The maximum value (0.47 mg kg-1) was found 

at a depth of 30-45 cm in P3. While, the minimum value (0.03 

mg kg-1) was found at a depth of 0-15 cm in P1. Similarly, in 

Basantpur village, DTPA – extractable Cd content of pedon 

varied between 0.05 to 0.96 mg kg-1 with a mean value of 

0.29 mg kg-1. The maximum value (0.96 mg kg-1) was 

observed at a depth of 60-90 cm in P4. While, the minimum 

value (0.05 mg kg-1) was observed at depth of 0-15 cm in P4. 

Whereas, In Mathurapur village, DTPA – Cu content of 

pedon varied between 0.05 to 1.73 mg kg-1 with a mean value 

of 0.47 mg kg-1. The maximum value (1.73 mg kg-1) was 

observed with a depth of 30-45 cm in P9. While, the minimum 

value (0.05 mg kg-1) was observed at a depth of 60-90 cm in 

P8. 

 

B. DTPA-Lead 

In Kalupur village, DTPA – extractable Pb content of pedon 

varied between 0.37 to 4.32 mg kg-1 with a mean value of 

2.09 mg kg-1. The maximum value (4.32 mg kg-1) was 

observed at a depth of 15-30 cm in P3. While, the minimum 

value (0.37 mg kg-1) was observed at depth of 0-15 cm in 

P1.Similarly, in Basantpur village, DTPA – extractable Pb 

content of pedon varied between 1.04 to 4.65 mg kg-1 with a 

mean value of 2.66 mg kg-1. The maximum value (4.65 mg 

kg-1) was observed at depth of 60-90 cm and 0-15 cm (P4 and 

P6), respectively. While, the minimum value (1.04 mg kg-1) 

was observed at a depth of 0-15 cm in P4.Whereas, in 

Mathurapur village, DTPA – extractable Pb content of pedon 

varied between 1.06 to 4.32 mg kg-1 with a mean value of 

2.39 mg kg-1. The maximum value (4.32 mg kg-1) was 

observed at depth of 15-30 cm in P8. While, the minimum 

value (1.06 mg kg-1) was observed at the depth of 30-45 cm in 

P7. 

 

C. Available Arsenic 

In Kalupur village, the distribution pattern of As content from 

selected pedon varied from 0.10 to 0.46 mg kg-1 with a mean 

value of 0.26 mg kg-1. The maximum value (0.46 mg kg-1) 

was observed at depth of 60-90 cm in P1. While, the minimum 

value (0.10 mg kg-1) was observed at a depth of 15-30 cm in 

P3. Similarly, in Basantpur village, it was observed that the 

range of As was varied from 0.10 to 0.48 mg kg-1 with an 

mean value 0.23 mg kg-1. The maximum value (0.48 mg kg-1) 

was observed at a depth of 30-45 cm in P5. While the 

minimum value (0.10 mg kg-1) was observed at depth of 60-

90 cm in P6 Whereas in Mathurapur village the range of 

arsenic varied from 0.10 to 0.55 mg kg-1 with a mean value of 

0.22 mg kg-1. The maximum value (0.55 mg kg-1) was 

observed at a depth of 45-60 cm in P9. While, the minimum 

value (0.10 mg kg-1) was found at a depth of 15-30cm in P8. 

 

 

 

 

 

Table 4.1: DTPA-micronutrient (mg kg-1) cations of pedon in 

sewage irrigated areas 
 

Depth Fe Mn Zn Cu Fe Mn Zn Cu Fe Mn Zn Cu 

Village Kalupur Basantpur Mathurapur 

Pedon P1 (50 m) P4 (50 m) P7 (50 m) 

0-15 cm 19.01 6.16 0.62 0.24 11.57 5.43 1.16 0.49 10.70 7.58 1.58 0.31 

15-30 cm 16.68 7.97 0.67 1.27 15.23 9.17 0.92 0.77 11.49 12.05 1.50 0.69 

30-45 cm 17.67 9.60 0.99 0.63 17.67 10.26 1.06 0.70 12.05 10.49 1.24 0.01 

45-60 cm 12.98 9.58 0.76 1.01 12.98 8.54 1.22 0.64 14.99 8.52 2.32 0.40 

60-90 cm 12.89 10.76 0.81 0.92 12.89 10.58 1.65 0.54 16.28 11.72 1.70 0.65 

 
P2 (150 m) P5 (150 m) P8 (150 m) 

0-15 cm 17.82 6.74 2.29 0.37 18.79 8.67 2.16 0.91 15.23 6.37 2.19 0.60 

15-30 cm 19.17 6.76 2.15 0.05 18.79 8.67 2.16 0.91 17.67 8.55 2.42 0.42 

30-45 cm 19.22 8.79 1.50 0.43 16.73 9.68 1.54 0.63 12.98 11.92 2.28 0.65 

45-60 cm 15.83 10.77 2.48 0.55 16.38 10.49 1.24 0.01 15.83 10.52 2.32 0.40 

60-90 cm 14.61 10.74 1.63 0.99 14.99 10.52 2.32 0.40 14.61 9.72 1.70 0.65 

 
P3 (400 m) P6 (400 m) P9 (400 m) 

0-15 cm 15.23 7.17 0.92 0.77 10.70 7.76 0.79 0.41 14.68 4.74 2.29 0.37 

15-30 cm 17.67 10.26 1.06 0.70 16.68 9.05 1.50 0.69 18.25 10.76 2.15 0.05 

30-45 cm 12.98 9.54 1.22 0.64 11.49 10.77 0.81 0.49 16.18 9.78 1.50 0.42 

45-60 cm 9.73 9.65 0.92 0.48 12.98 9.54 1.22 0.64 15.33 9.77 2.47 0.54 

60-90 cm 8.23 10.69 0.41 0.06 8.23 10.69 0.41 0.06 12.89 10.74 1.63 0.98 

Overall 

Max 19.22 10.77 2.48 0.05 18.79 10.77 2.32 0.91 18.25 12.05 2.47 0.98 

Min 8.23 6.74 0.41 1.27 8.23 5.43 0.41 0.01 10.70 4.74 1.24 0.01 

Mean 15.31 9.01 1.23 0.60 14.24 9.452 1.31 0.53 14.61 9.54 1.95 0.47 

 
Table 4.2: DTPA-extractable heavy metals concentration (mg kg-1) 

of some selected pedon in sewage irrigated soils 
 

Depth As Cd Pb As Cd Pb As Cd Pb 

Village Kalupur Basantpur Mathurapur 

Pedon P1 (50 m) P4 (50 m) P7 (50 m) 

0-15 cm 0.26 0.03 0.37 0.16 0.05 1.04 0.13 0.09 4.07 

15-30 cm 0.27 0.05 0.74 0.16 0.08 1.5 0.17 1.16 2.12 

30-45 cm 0.29 0.09 1.74 0.19 0.09 1.92 0.16 0.09 1.06 

45-60 cm 0.35 0.11 1.94 0.23 0.15 1.94 0.22 0.48 2.27 

60-90 cm 0.46 0.14 2.19 0.29 0.96 4.65 0.18 0.45 2.01 

 
P2 (150 m) P5 (150 m) P8 (150 m) 

0-15 cm 0.23 0.08 1.92 0.37 0.26 3.4 0.37 0.26 3.40 

15-30 cm 0.34 0.15 3.65 0.17 0.12 3.96 0.10 0.28 4.32 

30-45 cm 0.26 0.12 2.77 0.48 0.13 3.73 0.18 0.47 1.47 

45-60 cm 0.34 0.15 3.57 0.22 0.30 2.01 0.34 0.15 3.57 

60-90 cm 0.12 0.05 1.11 0.12 0.30 2.01 0.12 0.05 1.11 

 
P3 (400 m) P6 (400 m) P9 (400 m) 

0-15 cm 0.37 0.26 3.40 0.19 0.96 4.65 0.23 0.08 1.9 

15-30 cm 0.10 0.28 4.32 0.46 0.47 4.32 0.23 0.08 1.9 

30-45 cm 0.18 0.47 1.47 0.18 0.28 2.19 0.17 1.73 2.79 

45-60 cm 0.18 0.11 1.04 0.16 0.10 1.47 0.55 2.79 1.08 

60-90 cm 0.16 0.1 1.04 0.10 0.09 1.03 0.12 1.08 2.71 

Overall 

Max 0.46 0.47 4.32 0.48 0.96 4.65 0.55 2.79 4.32 

Min 0.10 0.03 0.37 0.10 0.05 1.04 0.10 0.05 1.06 

Mean 0.26 0.15 2.09 0.23 0.29 2.66 0.22 0.47 2.39 

 

4. DTPA-heavy metal nutrients of surface soil in sewage 

irrigated areas 

A. Available Arsenic 

In Kalupur village, the available As content of soils varied 

from 0.11 mg kg-1 to 0.55 mg kg-1 with a mean value of 0.33 

mg kg-1. Similarly in Basantpur village, it was observed that 

the available As content of soils varied from 0.17 to 0.68 mg 

kg-1 with a mean value of 0.33 mg kg-1 whereas in 

Mathurapur, the available As content of soils varied from 0.11 

mg kg-1 to 0.37 mg kg-1 with a mean value of 0.21 mg kg-1. 
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B. DTPA-Cd 
In Kalupur village, DTPA-Cd of soils varied from 0.08 to 

0.48 mg kg -1 with a mean value of 0.26 mg kg-1. Similarly, in 

Basantpur village, DTPA-Cd of soils varied from 0.09 mg kg-

1 to 1.41 mg kg-1 with a mean value of 0.48 mg kg-1 whereas 

in Mathurapur the range was varied from 0.08 mg kg-1 to 2.55 

mg kg-1 with a mean value of 0.81 mg kg-1. 

 

C. DTPA-Pb 

In Kalupur village, DTPA- Pb content of soils varied from 

0.37 mg kg-1 to 6.35 mg kg-1 with a mean value of 4.22 mg kg-

1. Similarly, the DTPA- Pb content of soils varied from 1.50 

to 6.83 mg kg-1 with a mean value of 4.25 mg kg-1 in 

Basantpur village. Whereas, the DTPA- Pb content of soils 

varied from 1.92 mg kg-1 to 6.35 mg kg-1 with a mean value of 

3.63 mg kg-1 in Mathurapur. 

 

5. Discussion 

DTPA-micronutrient cations of selected pedon in sewage 

irrigated soils 
Apart from major nutrients, DTPA- extractable micronutrients 

have been studied in some selected pedon in sewage irrigated 

soils in Nathnagar block. In perpetuation of results, DTPA-Fe 

status varied from 8.23 mg kg-1 to 19.22 mg kg-1with mean 

14.72 mg kg-1. While deliberation of critical limit of DTPA-

Zn was 4.50 mg kg-1 followed by Lindsay and Norvell (1978) 
[16]. It can be justify the soils belong to sewage irrigated soils 

falls sufficient in nature and well supplied of Fe. Similar 

results were reported in old alluvial plain by Sakal et al., 

(1988) [25] and Prasad et al., (1991) [23]. Similarly, DTPA-Mn 

status was sufficient in nature and it was varied from 4.74 mg 

kg-1 to 12.05 mg kg-1 with mean 9.33 mg kg-1 except few 

samples. However, critical limit of DTPA-Mn was 5 mg kg-1 

in respect of Indian soils (Finck and Venketeswarlu, 1982) 
[7].Therefore, it can be concluded that, soils of sewage 

irrigated soils belong to new alluvial plain justify the well rich 

Mn status in Nathnagar Block. 

Similarly, DTPA-Zn content was varied from 0.41 mg kg-1 to 

2.48 mg kg-1 with mean 1.49 mg kg-1 except lower layer of 

pedon 3 and pedon 6 at 60-90 cm depth layer which was 

reported 0.41 mg kg-1 Zn. However, some of the scientist 

reported critical limit of DTPA-Zn was 0.75 mg kg-1 in Indian 

soils (Finck and Venketeswarlu, 1982) [7]. Therefore, it can be 

concluded that, sewage irrigated soils in some selected pedon 

was sufficient in Zn status. In perpetuation of similar results 

was corroborated by Kumar et al., (2013) [15] in soils of 

Khammam district of Andhra pradesh and they reported that 

soils sufficient of available zinc due to variable intensity of 

pedogenic process and made the complex with organic matter.  

Whereas, DTPA-Cu status was varied from 0.01 mg kg-1to 

1.27 mg kg-1 with mean 0.53 mg kg-1 of some selected pedon 

in sewage irrigated soils. Overall, results observed that, 

DTPA-Cu was sufficient in nature except pedon5 (45-60 cm) 

and pedon 7 (30-45cm), respectively. From these results, it 

can be concluded that soils belong to sewage irrigated soils 

well supplied of Cu and justify the results of old alluvial plain 

in Bihar soils (Sakal et al., 1988 and Prasad et al., 1991) [25, 

23]. 

 

Heavy metals of some selected pedon in sewage irrigated 

soils 

The As content of some selected pedon in sewage irrigated 

soils was varied from 0.10 mg kg-1 to 0.55 mg kg-1 with mean 

0.23 mg kg-1. Whereas, Cd content in sewage irrigated soils of 

some selected pedon was varied from 0.03 mg kg-1 to 1.73 mg 

kg-1 with mean 0.22 mg kg-1 and Pd content was varied from 

0.37 mg kg-1 to 4.65 mg kg-1 with mean value 2.38 mg kg-1. 

Overall, results was interpreted that As accumulation was 

observed towards irregular pattern in pedogenic layer. 

However, it may be conclude that As, Cd and Pb content of 

selected pedon was observed in few amounts because of 

enormous amount of active calcium carbonate present in their 

respective depth with increasing of soil pH. Further, results 

was evaluated by (Smith and Giller, 1992) [29] and they 

reported that precipitation of hydroxides, carbonates or the 

formation of insoluble organic complexes (Smith and Giller, 

1992) [29] fix heavy metal status in selected pedon and unable 

to made for plant uptake. Apart from this, it influences the 

mobility and bioavailability of heavy metals and its dynamic 

changes depend on pH after irrigation (Nigam et al., 2001) 
[20].  

 

DTPA- extractable micronutrients of surface soils in 

sewage irrigated 
The DTAP- micronutrients cationic (DTPA-Fe, Mn, Zn and 

Cu) of surface soils from sewage irrigated areas have been 

evaluated and results revealed that DTPA-Fe of sewage 

irrigated surface soils was varied from 10.29 mg kg -1 to 28.19 

mg kg-1 with mean 3.88 mg kg-1. It might be due to 

accumulation of humic fibric material in surface soils besides 

incidence of reduced situation (Prasad and Sakal, 1991) [23] in 

subsurface layer and these types of situation most prevalence 

in sewage irrigated soils. There was significant negative 

correlation was observed between pH v/s Fe (r = 0.270*). The 

significant positive correlation between Fe v/s K2O (r = 

0.518**), Cd (r = 0.336**), Fe (r = 0.378**), Zn (r = 

0.483**) and Cu (r = 0.313**), respectively. Apart from 

these, there was significant negative correlation between with 

soil pH (r = 0.270*).  

The DTPA-Mn of sewage irrigated surface soils was varied 

from 0.67 to 15.08 mg kg -1 with mean 5.30 mg kg-1. It might 

be due release of chelated Mn from organic compound 

(Sharma and Choudhary, 2007) [27]. The significant positive 

correlation between Mn v/s Pb (r = 0.240*) and significant 

negative correlation between Mn v/s Cd (r = 0.405**), Mn v/s 

Zn (r = 0.634**), Mn v/s Cu (r = 0.526**) at the level of 

significance. 

The DTPA-Zn of sewage irrigated surface soils varied from 

0.62 mg kg -1 to 3.37 mg kg-1 with mean 0.66 mg kg-1. There 

was significant positive correlation between Zn v/s K2O (r = 

0.272*), Zn v/s Cu (r = 0.486**), Zn v/s Fe (r = 0.483**) and 

significant negative correlation between Zn v/s Mn (r = -

0.634**) at the level of significance. 

Similarly, DTPA-Cu of sewage irrigated surface soils was 

varied from 1.01 mg kg-1 to 68.58 mg kg-1 with mean 15.05 

mg kg-1. The significant positive correlation between Cu v/s 

CaCO3 (r = 0.350**), N (r = 0.350**), P2O5 (r = 0.374**), Cd 

(r = 0.375**), Pb (r = 0.418**), Zn (r = 0.486**) and Fe (r = 

0.313**), respectively. Further, significant negative 

correlation was observed between Cu v/s Mn (r = 0.526**) at 

level of significance. 

Apart from these, sewage irrigation after 20 years, significant 

build-up of DTPA extractable Zn, Cu and Fe in sewage-

irrigated soils (Rattan et al., 2005) [24]. 

 

Vertical distribution of heavy metal of surface layer from 

sewage irrigated areas 
The vertical distribution of heavy metal of superficial layer 

from sewage irrigated soils have been evaluated and results 

revealed that As content was varied from 0.10 to 0.68 mg kg -
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1with mean 0.35 mg kg-1.It mightbe due to concentration of 

arsenic depends on the clay content and metal oxide content 

in soils. There was a significant negative correlation observed 

between As v/s Cd (r = - 0.276*) and Pb (r = - 0.268*), 

respectively. 

Furthermore, arsenic contamination in sewage irrigated soils 

mainly due to geogenic activity in soils. Apart from these, 

adsorption of arsenic is significantly high in soils due to more 

or less high clay content and clay content decreases with 

depth of soil (Huq et al., 2003, Samal et al., 2010) [10, 26]. They 

further reported that clay or clayey soil contains more FeOOH 

when compared to sandy soil, and therefore, clayey soil has 

adsorbed more arsenic. Whereas, Cd content was varied from 

0.08 mg kg -1 to 20.55 mg kg -1 with mean 0.49 mg kg-1.There 

was significant highly positive correlation between Cd v/s Cu 

(r = 0.375), Fe (r = 0.336**) and significant negative 

correlation with As (r = -0.276*) and DTPA- Mn (r = -

0.405**), respectively. Similar findings were reported by 

various scientist (Tabari et al., 2008; Behbahaninia and 

Mirbagheri, 2008; Zhao et al., 2010) [35, 3, 39]. Similarly, Pb 

content varied from 0.37 mg kg -1 to 6.83 mg kg -1 with mean 

4.03 mg kg -1.The higher content of extractable heavy metals 

in surface layer revealed that low mobility of these metals 

(Brar et al., 2000; Khurana et al., 2004) [5, 13] in the superficial 

layer. The largest fraction of Cd, Pb, and As sewage irrigated 

soils was strongly bound in a residual form, while 

exchangeable and the other labile fractions were negligible. 

Hence, they were partially taken up by plants as well as partly 

accumulated in soil (Wang et al., 2003; Singh et al., 2009) [36, 

28]. There was highly significant correlation between Pb v/s 

Cu (r = 0.418**) and Fe (r = 0.378**), respectively at (5** 

and 1* percent) level of significance. Further, there was 

significant negative correlation was observed with As (r = - 

0.268*) respectively at level of significance (5** and 1* 

percent). The mobility of heavy metals in sewage irrigated 

soil was very slow and more than 90% of Cd, Ni, and Pb 

accumulated in superficial layer (Streck and Richter, 1997) 
[32]. 

 

6. Conclusion 

 Most of the sample belongs to sewage irrigated soils were 

deficient in Nitrogen, medium to high in phosphate and 

sufficient range was found in potash status. 

 The heavy metals content (As, Cd and pb) shows 

increasing as well as irregular trend with increasing the 

depth.  
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